M .1 | NTR@DUCTION TO USER | NFCRVATI ON FCR THE FORECAST SYSTEMS

CPERATI ONAL FCRECAST SYSTEM

The (perational Forecast System (CFS) is a continuous forecasting systemwhi ch provides the forecaster with
real -time predictions of river flow and other variables to use in producing river and flood forecasts and
ot her hydrol ogi ¢ products.

The GFS is designed for use by the R ver Forecast Centers (RFCS) to generate forecasts for points where the
time to peak varies fromabout 12 hours to several days or longer. The CFS is not designed for general
direct use at flash flood | ocations or for extended (weeks or nmonths into the future) predictions. However,
the GFS is designed to keep snow, soil-noisture and river conditions current for use when needed in flash
flood and dam break procedures, as well as the starting point for extended streanfl ow predictions.

Figure 1 shows the relationships anong the GFS and the ot her NWBRFS syst ens.

The 3 prinary conponents of the GFS are:

o Data Entry - the automatic or manual entry into a data base of all observed and forecast data needed
by the GFS

0 Preprocessor - the conversion of the entered data into the formneeded by the GFS nodel s i ncl udi ng
the conversion of point values to areal estimates

o Forecast - the use of the data to estimate snow and soil noisture conditions and to conpute runoff,
streanflow and reservoir |evels

Figure 2 contains an overview of the CFS

The CFS includes several data bases and progranms that use the data base.

Dat a Bases
The 4 prinary data bases in the OGS are:

0 Preprocessor Data Base (PPDB) - The PPDB contai ns observed data and some forecast and proj ected
values. Al of the data in the PPDB are point values. There are two storage nethods used in the
PPDB based on how the data are to be used by the Preprocessors. Precipitation, tenperature and
evaporation data are stored by day. R ver, reservoir and snow (RRS) data are stored by station. A
set of readwite routines is used to access the PPDB.

0 Preprocessor Paranetric Data Base (PPPDB) - The PPPDB contains paranmetric data needed by the
Preprocessors. The PPPDB contains general user, station, area and conputational order paraneters.
A set of read/wite routines is used to access the PPPCB.

0 Processed Data Base (PDB) - The PDB contains tines series data. The PDB stores all time series
out put by the Preprocessors and the Forecast Conponent. A set of read/wite routines is used to
access the PDB.

o Forecast Component Data Base (FCDB) - The F(DB contai ns Forecast nponent paranetric, carryover and
rating curve files data. The Forecast Conponent is organi zed by Segnents, where a Segnent is a
group of Q(perations perforned as a unit. A Segnent usually contains all the Qperations needed to
conpute flow at a singl e forecast point. The paranetric files contain the Qperations Table and all
the related paranetric data for each Segnent as well as information controlling the conputational
order of the Segments. The carryover files contain the state variables for each Segnent for various
dates. A forecast run can only be initiated on these dates. The rating curve file contains rating
curves and other forecast point information used by the Segments.

Fi | e Mai nt enance Progranms

The GFS includes the followi ng prograns that can define, change, del ete and output infornation stored in the
CFS dat a bases:

0 Preprocessor Paraneter Initialization Program (PPINT) - ProgramPPINT is the file maint enance
programfor the Preprocessors and the Data Entry prograns. PPINT is used to define the station
net wor k which invol ves assigning space in the PPDB for the station's data, storing informati on about
the station in the PPPDB, naking entries in Data Entry files that control autonatic transfers of
station data, and creating space in the PDB for any RRStine series generated for the station.
PPINT is al so used to define areal information and create space in the PDB for areal time series.
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In addition, PPINT is used to redefine, delete and output this informnation.

o0 Forecast Component Initialization Program(FAONT) - ProgramFAONT is the fil e nai ntenance program
for the Forecast Component. FONT is used to define al of the Segment infornation including the
Qperations Tabl e and paraneters for each peration. FANT is also used to define rating curves and
the conputational order infornation for the Segments and to redefine, delete and output this
i nformati on.

o Wility Prograns - There are several utility progranms in the GFS. Data Entry utility prograns are
used to control the frequency and types of reports and transfers that the user receives. The PPDB
and PDB utility prograns are used prinarily to display and edit data.

0 Reorder Program- This programis used to reorder all GS files assigned to a given user to mninize

di sk accesses and to conpress the files to renove unusabl e space. As part of the reorder and
conpress process, the size of the users files can be made | arger or snaller.

Data Entry Prograns

The CFS includes 2 prograns that can be used to wite data to the PDB:

0  SHEF decode and post - this programis used to decode S andard Hydrol ogi c Exchange Format (SHEF)
data reports and post the data to the PPDB

o0 Relational data base data transfer - this programis used to read a file output froma rel ati onal
data base and wite it to the PDB

per ati onal Forecast Program

The (perational Forecast Program (FCST) contains severa preprocessor Functions, the forecast generation
Function and some utility Functions. The user interface with program FCST is the Hydrologi ¢ Command
Language (H). HCOL enables the user to control the various Functions within FCST through a cormon set of
instructions. HCL can be used to:

o set options (e.g., period to be run, areas or forecast points to be included, display options, etc.)
o make nodifications to data, carryover and some parareters
o control which Functions are executed

Sets of HCOL instructions which are coomonly used can be stored as a naned procedure and then run by
executing the procedure.

The Functions avail able in program FCST i ncl ude:

o MW - The Man Areal Precipitation Function conmputes 6-hour time series of areally averaged
preci pitation using observed precipitation reports fromstations that are part of the defined
network and MDR data. MAP val ues can be conputed for all or parts of the user's area.

0 MWPX - The Qidded Mean Areal Precipitation Function conputes a 1-hour time series of precipitation
for the entire user's area using gridded estimates of precipitation based on data fromthe NEXRAD
net wor k.

o FMAP - The Future MAP Function generates 6-hour tine series of future precipitation fromuser
suppl i ed areal val ues.

0 MAT - The Mean Areal Tenperature Function conputes 6-hour time series of mean tenperature for the
entire user's area using observed poi nt maxi mum m ni numand i nst ant aneous reports and forecasts of
maxi mund m ni mum t enper at ur es.

o MPE - The Mean Areal Potential Evaporation Function conputes areal potential evaporation estinates
for the entire user's area using point observed neteorol ogi cal data and bl ends the estimates to the
I ong term average when extendi ng the values into the future.

0 RRS - The Rver, Reservoir and Snow Function conputes 1 to 24-hour tine series for the entire user's

area using avail abl e poi nt observations of river, reservoir and snow conditions.

0 FCEXEC - The Forecast Execution Function generates flow and stage hydrographs and estimates of other
hydrol ogi ¢ vari abl es based on input MAP, NMAPX, FMAP, MAT, MAPE and RRS tine series. FCEXEC contai ns
various types of nodels (snow, rainfall-runoff, tenpora distribution of runoff, routing and
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reservoir) as well as various display, updating and tine series manipul ation algorithnms. FCEXEC can
be run for groups of Segments conprising all or part of the user's area. The sequence of
conputations in each Segrment is controlled by the perations Tabl e.

There are several utility Functions in program FCST that are used to naintain the carryover dates and
di splay vari abl es that summari ze snow cover and soil -moi sture conditions.

Application

The GFS is a large software systemdesigned for use by forecast centers with responsibility for a large
nunber of forecast points. The systemwas designed to neet the current requirenents of nost the users and
be flexibl e enough so that new technol ogy and data systens can be added in the future without requiring
maj or structural changes.

By the nature of being a nationally oriented system the CFS undoubtedly contains features that any given
users nmight not use. However, in general, the system provides enough flexibility and user control so that a
forecaster can control the nodels, conputational sequence, and other options that are used for a particul ar
application. In fact, different nodel s and options can be used in different parts of a user's areaif
needed. In addition, the GFS provides the capability to link user specific Functions into the system

Sections M.2.1 through VI.2.4 contain a discussion of itens to consider when applyi ng the Qperati onal
Forecast System The discussion contains guidelines both for setting up and using the GrS. The gener al
steps to be foll owed when defining all of the paranetric data and sonme itens to consider when executing the
systemare al so di scussed.

EXTENDED STREAMFLOW PREDI CTI ON SYSTEM

The Extended Streanflow Prediction (ESP) Systemis that part of NGRFS whi ch generates extended forecasts
(weeks or nonths into the future).

ESP uses conceptual hydrol ogi c and hydraul i c nodel s al ong with the current watershed conditions, historical
met eorol ogi cal data and forecast neteorol ogical data to make extended probabilistic forecasts for a nunber
of streanflow vari abl es.

Paraneters, rating curve information and carryover are obtained fromthe CFS Forecast Conponent files.
Infornation needed for ESP that is not available fromthe Forecast Conponent files is defined with the ESP
Initialization Program(ESPINT). ESPINT is used to define ESP Segment infornation including the |location
of time series on the historical data files and the types of analysis to be perforned. ESP Segnent
definitioninformation is stored on the ESP paraneter file. The ESPINT programis al so used to redefine,
delete and display this information.

The execution portion of ESP is a Function controlled by HOL. The ESP Function accesses the Forecast
Conponent files and the ESP paraneter file to obtain necessary run information. Time series data (e.g.,
MAP, MAT, MAPE and QWE) are read fromthe historical data files. ESP can also read future MAP and MAT tinme
series fromthe PDB if they are avail abl e.

Section VI.2.5 contains a discussion of the application of the ESP system The section al so di scusses
things to consider when setting up the Forecast Conponent files if the ESP systemis to be used. The steps
necessary for ESP inplenmentation are outlined and guidelines are given for setting up and executing the ESP
system

FLASH FLOOD QU DANCE SYSTEM

The Fl ash Hood Quidance System (FFGS) is a collection of interrelated software and data capabl e of
conputing flash flood gui dance and assenbling and formatting flash flood gui dance into products.

Figure 3 shows the relationship of the flash fl ood gui dance conputati on programto NWBRFS and to the product
gener ation program

The FFGS incl udes techni ques and prograns for computing flash flood gui dance based on soil moisture
condi tions mai ntai ned by the N\BRFS. The flash fl ood gui dance operation conputes a rainfall runoff curve
for current soil noisture conditions. Threshold runoff needed to initiate flooding is entered in the
rainfall runoff curve to deternine the corresponding rainfall or guidance value. Because NWBRFS does not
contain threshol d runof f values, it nust conpute val ues of rainfall over a range of runoffs that shoul d

i ncl ude any given threshol d runoff val ue defined in FFGS.

Conput ed flash flood gui dance values are assenbl ed i nto products dependi ng on the type of gui dance bei ng

provided in the products. Zone/county and headwat er guidance is fornatted into SHEF whil e gridded gui dance
products are formatted into GRIB by a separate GR B encoder program
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The FFGS includes the fol |l ow ng:

0o Mthod for determning gridded threshold runoff.

o0 Mthods for obtaining current soil

o Method for flash flood gui dance product generation.

o Mthod for maki ng hydrol ogi c nodel state variabl es

o Conputer prograns for inplementing the nethods and
devel opnent and gui dance systens.

The FFGS includes the fol l owi ng techni ques and nodel s:

o Technique for |ocating sub-basins, conputing their
HRAP grid system

to the national

o  Technique for conputing flash flood gui dance based

o Mthod for specifying station and area sequence to

o Mthod for assenbling soil

July 9, 1997
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noi sture state variabl e

noi sture condi tions and conputing flash flood gui dance.

avail abl e for local flood warning systens (LFB).

support procedures described above, in both the

threshol d runoff val ues and converting the val ues

on threshol d runoff and soil noisture conditions.
assenbl e flash fl ood gui dance products.

products for LPAS.
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Figure 2. (perational Forecast System
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Figure 3. Flash Fl ood Quidance System
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